Introduction
============

Human cervical cancer (HCC) is the fourth most frequently diagnosed cancer and the fourth leading cause of cancer-related mortality in women ([@b1-etm-0-0-3842]). An estimated 52.8 million new cases and 26.6 million cases of mortality as a result of the disease were recorded in 2012 ([@b2-etm-0-0-3842]). However, the development of a widespread program for cervical cytologic screening (termed the Papanicolaou test) has substantially reduced HCC mortality ([@b3-etm-0-0-3842]). The majority (\~84.3%) of cases occur in resource-poor countries, where the disease accounts for \~12% of all cancers in women, and has an overall 5-year survival rate of \~72% ([@b2-etm-0-0-3842]) The greatest risk factor for HCC is infection with certain types of the human papillomavirus (HPV), followed by smoking ([@b4-etm-0-0-3842]). The primary subtypes of HCC are squamous cell carcinoma and adenocarcinoma, and squamous cell carcinoma is the most commonly diagnosed subtype ([@b5-etm-0-0-3842]). The International Federation of Gynecology and Obstetrics (FIGO) staging system is used to determine the prognosis for patients, and provides the basis for therapeutic decision making ([@b5-etm-0-0-3842]). However, only 1% of women who test positive for HPV develop HCC ([@b6-etm-0-0-3842]). Therefore, it is important to identify a sensitive and specific cancer-related molecule that will serve as a predictive biomarker for clarifying the underlying molecular mechanisms of HCC, in addition to being a valuable diagnostic and therapeutic target.

The leukocyte-associated immunoglobulin-like receptor-1 (LAIR-1) is a member of the immunoglobulin (Ig) superfamily, and is a type І transmembrane glycoprotein. LAIR-1 is composed of a C2-type Ig-like domain and two immunoreceptor tyrosine-based inhibition motifs (ITIMs). It is broadly expressed on nearly all immune cells, such as T-cells, B-cells, and NK cells; however, it is not expressed on erythrocytes and platelets ([@b7-etm-0-0-3842]). It is also expressed on megakaryocytes (MKs) ([@b8-etm-0-0-3842]) and osteoclasts ([@b9-etm-0-0-3842]). Poggi *et al* ([@b10-etm-0-0-3842]) demonstrated that LAIR-1 was not expressed in high-risk B-cell chronic lymphocytic leukemia (CLL), and the intensity of expression in low- and intermediate-risk CLL was associated with the CLL stage and progression of the disease. However, a limited amount of attention has focused on LAIR-1 expression in solid tumors ([@b11-etm-0-0-3842]). The extracellular matrix (ECM) has been determined to promote the progression of a solid tumor ([@b12-etm-0-0-3842]). Collagen, an important component of ECM, has been confirmed to be the high-affinity ligand for LAIR-1 ([@b13-etm-0-0-3842]). Accordingly, LAIR-1 may be involved in tumor development.

The present study reports that LAIR-1 was markedly expressed in HCC specimens, and it was identified that overexpression of LAIR-1 was associated with clinicopathological features.

Thus, the present study found that the overexpression of LAIR-1 reduced tumor proliferation and increased tumor apoptosis of cervical carcinoma cells. These data suggest that HCC patients with a high level of LAIR-1 expression may not experience disease progression. This suggests that LAIR-1 may be an effective therapeutic biomarker and an alternative therapeutic target.

Materials and methods
=====================

### Patients and tissue specimens

Fresh HCC and normal adjacent tissues were collected from 124 patients confirmed to have HCC between 2010 and 2012 at the Department of Gynecology, Affiliated Hospital of Binzhou Medical University (Yantai, China). All patients had squamous cell carcinoma tumors. No patients received radiotherapy, chemotherapy or immunotherapy prior to surgery. Patient ages ranged between 26 and 73 years (mean age, 44.8±10.4 years). Tumor differentiation was assessed according to the FIGO staging system ([@b5-etm-0-0-3842]). Ethical approval was obtained from the Ethics Committee of Binzhou Medical University. Informed consent was obtained from all patients.

### Immunohistochemical (IHC) staining

IHC staining was conducted to examine the altered expression of LAIR-1 in tumors and normal tissues. Formalin-fixed and paraffin-embedded sections were deparaffinized and rehydrated. Antigen retrieval was performed in a microwave at 98°C for 30 min. The sections were treated with 3% hydrogen peroxide for 5 min, and then blocked with 1% bovine serum albumin (AR1006; Boster Biological Technology, Ltd., Wuhan, China) for 30 min. The sides were incubated with monoclonal mouse anti-human LAIR-1 (ab14826; Abcam, Cambridge, UK) at 1:500 dilution at 4°C overnight. Mouse IgG (BA1046; Boster Biological Technology, Ltd.) served as the negative control. The biotinylated anti-mouse secondary antibody (BA1001; Boster Biological Technology, Ltd.) was incubated the following day with the sides for 20 min at room temperature, followed by further treatment with a streptavidin-alkaline phosphatase complex (Boster Biological Technology, Ltd.) for 20 min. The signal was detected using the BCIP/NBT substrate solution (Boster Biological Technology, Ltd.).

### Semiquantitative assessment of IHC staining

The expression of LAIR-1 in the nucleus and cytoplasm was reviewed and scored by two independent observers who had no prior knowledge of the clinical information. The immunoreactivity was evaluated using a semiquantitative scoring system in which 0 = no staining, 1 = weak staining, 2 = moderate staining, and 3 = intense staining. The percentage of LAIR-1 positive cells scored as 0 was 0% (no positive cells), 1 was ≤25%, 2 was between 25% and 50%, 3 was between 50% and 75%, and 4 was \>75%. The immunoreactive score (IRS) was calculated as follows: Proportion of positive cells score × intensity score. Values of IRS ranging between 0 and 12 were classified as follows: - (IRS: 0), + (IRS: 1--4), and ++ (IRS: 6--12).

### Cell culture

Cervical squamous carcinoma cell lines (Ca Ski, ME-180, C-33 A, SiHa and MS751) were purchased from the Cell Bank of Shanghai Institutes for Biological Sciences (Shanghai, China). ME-180 cells were cultivated in McCoy\'s 5A medium (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany), and C-33 A, SiHa and MS751 cells were maintained in Minimum Essential Medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA). Ca Ski cells were cultured in RPMI-1640 (Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) medium. Media were supplemented with 10% fetal bovine serum (Hyclone) and incubated at 37°C under 5% CO~2~ and saturated moisture.

### Stable transfection

Sequence-verified LAIR-1 cDNA was cloned into a GV218 lentivirus vector (GeneChem Co., Ltd., Shanghai, China), which codes the Enhanced Green Fluorescent Protein (EGFP) gene. The accuracy of the recombinant vector was verified using automated sequencing (Thermo Fisher Scientific Inc.). The 293T cells were cotransfected with GV218-LAIR-1 or GV218, and other vectors (pHelper 1.0 and 2.0; GeneChem Co., Ltd.), and the viruses were subsequently harvested after 48 h. The lentivirus was transfected into ME-180 cells, and cells transfected with an empty vector served as the negative control. At 48 h after transfection, the stable transfected cells, which were expressed as the vector sequences coding the puromycin resistance gene, were selected using puromycin (Sigma-Aldrich). The transfected cell lines were confirmed using western blotting and immunofluorescence.

### Western blotting

Radioimmunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology, Nantong, China) was used to lyse the cells. Subsequent to centrifugation at 10,000 × *g* for 15 min at 4°C, the protein solution was collected and the concentration was quantitated using a BCA protein assay (Thermo Fisher Scientific Inc.). The protein (50 µg per lane) was separated using 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to a polyvinylidene fluoride membrane. The membrane was probed with anti-LAIR-1 (ab14826; Abcam) at dilution of 1:500 and anti-GAPDH (AB-P-R 001; Goodhere Biotechnology Co., Ltd., Hangzhou, China) at dilution of 1:10,000 at 4°C overnight. After washing, the membrane was incubated with horseradish peroxidase-conjugated anti-rabbit/mouse secondary antibodies (1:2,500 dilution; BA1055/BA1051; Boster Biological Technology, Ltd.), at room temperature for 1.5 h and visualized using enhanced chemiluminescence plus (Millipore, Billerica, MA, USA).

### Immunofluorescence staining

LAIR-1 transfected cells (L-ME-180) and cells transfected with empty vector (V-ME-180) were seeded into a cover glass at a density of 4×10^4^/piece/500 µl overnight. The following day, the cells were fixed with 4% paraformaldehyde for 1 h at 4°C. After blocking, the cells were incubated with anti-LAIR-1 at 4°C overnight prior to incubation with Cy3-conjugated anti-mouse IgG (ZDR-5210; ZSGB-BIO, Beijing, China) at a dilution of 1:80 for 1 h at room temperature. The cells were analyzed using laser confocal scanning microscopy (LEICA Microsystems GmbH, Wetzlar, Germany).

### Cell proliferation assay

Cells were seeded into a 96-well plate at a concentration of 4,000/well/100 µl. The cells were quantified at 0, 24, 48, and 72 h using a Cell Counting Kit-8 (CCK-8) (Dojindo Co., Ltd., Kumamoto, Japan), and the absorbance was detected at 450 nm. Cell proliferation viability was recorded according to the following equation: Cell proliferation viability = absorbance value (AV) / 0 h AV. The experiment was performed in triplicate and repeated three times.

### Cell apoptosis assay

Monodispersed cells (2.5×10^5^ cells/well) were seeded into a 6-well plate in the maintenance medium. Subsequent to incubation for 24 h, cells were treated with 0.5 µg/ml cisplatin (Hansoh Pharmaceutical Co., Ltd., Lianyungang, China) for 18 h, and then digested with 0.25% trypsin (ethylenediaminetetraacetic acid-free). The Annexin V-PE Apoptosis Detection kit (Keygen Biotechnology Co., Ltd., Nanjing, China) was used for staining. The cells were analyzed using a flow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

### Statistical analysis

Data was analyzed using SPSS software (version 15.0; SPSS, Inc., Chicago, IL, USA). The Wilcoxon exact test was used to determine the LAIR-1 expression in HCC and adjacent nontumor cervical tissues. The association between LAIR-1 and various clinicopathological features was analyzed using the χ^2^ test. Continuous variables were analyzed using two-way analysis of variance. The correlation between the pathological stage and LAIR-1 expression levels were assessed using Spearman\'s Rank correlation coefficient analysis. R\<0 was considered to indicate negative correlation, and P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### LAIR-1 is upregulated in HCC clinical samples

To investigate the association between LAIR-1 expression and cervical lesions, HCC and adjacent normal cervical tissues were examined by IHC staining. Representative results are shown in [Fig. 1](#f1-etm-0-0-3842){ref-type="fig"}. LAIR-1 was localized in the cytoplasm and nucleus of the cells, and was primarily expressed in the cytoplasm. The percentage of cells that were \>90% positive was 48.4% in the cytoplasm of HCC specimens (data not shown). As summarized in [Table I](#tI-etm-0-0-3842){ref-type="table"}, compared with normal adjacent tissues, LAIR-1 overexpression in HCC tissues was statistically significant both in the cytoplasm and nucleus (P\<0.05). Of the 124 HCC patient samples analyzed, positive staining of LAIR-1 in the cytoplasm was detected in 109 tumors (88%); 54 cases exhibited weak LAIR-1 staining, and 55 cases showed strong LAIR-1 staining. By contrast, only 11 cases (8.9%) exhibited weak staining in the cytoplasm of the paired tumor-adjacent normal tissues, and no cases showed strong staining. Although the negative rate of LAIR-1 expression in the nucleus of HCC tissue was 49.2%, the negative rate in normal tissues was 50.8%, and the difference was statistically significant (P=0.026).

### LAIR-1 expression is correlated to clinicopathological variables

The correlation between LAIR-1 expression and clinicopathological parameters was analyzed using the χ^2^ test. [Table II](#tII-etm-0-0-3842){ref-type="table"} indicates that LAIR-1 expression in the cytoplasm was significantly associated with the number of positive lymph nodes (P\<0.001); however, no statistically significant associations between LAIR-1 expression and age, tumor size, pathologic stage, T classification, N classification and clinical stage (P\>0.05) were detected. In the nucleus, LAIR-1 expression was evidently associated with tumor size (P=0.047), pathological stage (P=0.014), T classification (P\<0.001) and clinical stage (P=0.027). A negative correlation existed between LAIR-1 expression and the pathological stage (R=−0.185, P=0.043).

### LAIR-1 was overexpressed in ME-180 cell line

To research the functional significance of LAIR-1 in HCC, its expression was detected in HCC cell lines (Ca Ski, ME-180, C-33 A, SiHa, and MS751); however, no expression was detected (data not shown). The LAIR-1 expression levels were modulated in ME-180 cells by using stable transfection with the LAIR-1 expression plasmid. Western blotting and immunofluorescence analysis confirmed an increase of LAIR-1 expression in ME-180 cells after transfection. As hypothesized, we observed enhanced expression of LAIR-1 in the ME-180 cells (L-ME-180; [Fig. 2A](#f2-etm-0-0-3842){ref-type="fig"}), and the molecular weight was 70 kDa as a result of the fusion of LAIR-1 and EGFP proteins ([Fig. 2B](#f2-etm-0-0-3842){ref-type="fig"}).

### LAIR-1 expressed in HCC cell lines is tumor suppressive

To investigate the function of LAIR-1 in the growth of HCC cells, CCK-8 and annexin V assays were used to detect the proliferation and apoptosis of ME-180 cells. Cell proliferation ability was significantly reduced in the L-ME-180 cells (P\<0.001; [Fig. 3A](#f3-etm-0-0-3842){ref-type="fig"}). As shown in [Fig. 3B](#f3-etm-0-0-3842){ref-type="fig"}, compared with V-ME-180 and ME-180 cells, respectively, the mean apoptotic rate of L-ME-180 cells increased (P=0.021 or P=0.020). In summary, the expression of LAIR-1 inhibits the proliferation and promotes the apoptosis of ME-180 cells.

Discussion
==========

In industrialized countries, HCC incidence has been significantly reduced as a result of organized screening programs ([@b14-etm-0-0-3842]). However, new cases of HCC in less developed regions without access to health care account for 84.3% of the worldwide incidence ([@b1-etm-0-0-3842]). High-risk HPV infection is an essential and causal factor for HCC. However, establishing a cytology-based program in low-resource countries has several limitations. Since 2000, a range of novel biomarkers has been identified to advance the current understanding of HCC molecular mechanisms, including viral biomarkers (HPV DNA detection, HPV integration, HPV oncogene mRNA and host and viral methylation) and cellular biomarkers (p16^ink4a^, MCM2, Top2a, ki-67, 3q, and 5p chromosomal instability) ([@b15-etm-0-0-3842]). Numerous researchers are currently investigating various biomarker candidates.

LAIR-1 is primarily expressed on immune cells, and is also presented on CD34^+^ hematopoietic progenitor cells ([@b7-etm-0-0-3842]), MKs ([@b8-etm-0-0-3842]) and osteoclasts ([@b9-etm-0-0-3842]). By using an IHC staining approach for analyzing LAIR-1 expression in primary untreated HCC and normal cervical epithelia, the current study observed LAIR-1 to be localized in the cytoplasm and nucleus of HCC cells. The strong expression of LAIR-1 in HCC tissues indicated that LAIR-1 may serve a role in HCC progression. According to the statistical analysis to elucidate the correlation between LAIR-1 expression and clinicopathological variables, it was confirmed that the level of LAIR-1 expression in the cytoplasm was associated with the number of positive lymph nodes in patients with HCC, and that LAIR-1 expression in the cell nucleus was associated with pathological stage, T classification and clinical stage. In conclusion, the expression levels of LAIR-1 were associated HCC progression.

The present study used the ME-180 HCC cell line to further investigate the function of elevated LAIR-1 expression in HCC tissues. LAIR-1 expression is not detected on common HCC cell lines. The current study established that LAIR-1 may be stably transfected into ME-180 cells. Previous studies have demonstrated the inhibitory function of LAIR-1 ([@b16-etm-0-0-3842]--[@b18-etm-0-0-3842]). Poggi *et al* ([@b19-etm-0-0-3842]) stated that LAIR-1 is able to inhibit proliferation and induce apoptosis of the myelomonocytic THP1, MM6 and U937 cell lines through a caspase-independent pathway. LAIR-1 engagement may also downregulate granulocyte-macrophage colony-stimulating factor-mediated survival and proliferation of acute myeloid leukemia blasts ([@b20-etm-0-0-3842]). The present study demonstrated that LAIR-1 expression suppresses the ability of ME-180 cells to proliferate and induces their apoptosis. The two ITIMs of LAIR-1 are commonly considered as the basis for inhibitory function. Phosphatizing the tyrosine residues of ITIMs can recruit the effectors of Src homology phosphotyrosine phosphatase-1 (SHP-1) and SHP-2, and send an intracellular signal. SHP-1 has been reported to be a negative regulator of angiogenesis ([@b21-etm-0-0-3842]), and is overexpressed in breast cancer ([@b22-etm-0-0-3842]). In addition, upregulation of SHP-2 has been found in gastric cancer ([@b23-etm-0-0-3842]) and HCC ([@b24-etm-0-0-3842],[@b25-etm-0-0-3842]). Cells or tumor stroma can produce collagen ([@b12-etm-0-0-3842]), and cross-linking LAIR-1 with collagen can phosphatize ITIMs, recruit SHP-1 and SHP-2 ([@b26-etm-0-0-3842]), and weaken activation signals. Future studies will focus on the role of LAIR-1 in the growth of HCC cells, and the underlying mechanisms.

In conclusion, high expression of LAIR-1 in HCC is associated with clinicopathological variables and inhibits the growth ability of HCC cell lines. The present results suggests that LAIR-1 may be a novel biomarker for diagnosis and a treatment target for patients with HCC.
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![LAIR-1 expression in HCC and nontumor adjacent tissues. IHC staining was used to detect LAIR-1 expression in tissue specimens. HCC tissues with (A) negative (B) weak, and (C) strong LAIR-1 staining. Nontumor adjacent tissues with (D) negative (E) weak, and (F) strong LAIR-1 staining. Original magnification, ×200. LAIR-1, leukocyte-associated immunoglobulin-like receptor-1; IHC, immunohistochemical; HCC, human cervical cancer.](etm-12-06-3699-g00){#f1-etm-0-0-3842}

![LAIR-1 expression on ME-180, L-ME-180 and V-ME-180 cells. (A) Laser confocal scanning microscopy was used to analyze LAIR-1 expression. Cells were incubated with Cy3-conjugated anti-LAIR-1 mAb (red). EGFP (green) was expressed in stably transfected cells (L-ME-180) and control cells (V-ME-180). The colocalization of LAIR-1 and EGFP is shown (yellow). (B) Western blotting was used to detect LAIR-1 expression in these cells. GAPDH was used as an internal control. LAIR-1, leukocyte-associated immunoglobulin-like receptor-1; EGFP, enhanced green fluorescent protein.](etm-12-06-3699-g01){#f2-etm-0-0-3842}

![LAIR-1 can reduce the proliferation and induce the apoptosis of ME-180 cells. (A) A CCK-8 assay was used to assess the proliferation of L-ME-180, V-ME-180 and ME-180 cells. \*\*P\<0.001 vs. L-ME-180 at 72 h. (B) The apoptosis rates of ME-180 cells after LAIR-1 transfection were determined using an annexin V assay. Three independent experiments determined the percentage of the apoptotic rates. \*P\<0.05. (C) The rate of cell apoptosis was detected using flow cytometry. The results of one experiment show that the difference between L-ME-180 and V-ME-180 (or parental ME-180) was statistically significant. Comparisons were conducted using ANOVA. LAIR-1, leukocyte-associated immunoglobulin-like receptor-1.](etm-12-06-3699-g02){#f3-etm-0-0-3842}

###### 

Differential LAIR-1 expression in hcc and matched normal tissues.

                   Cytoplasmic LAIR-1   Nuclear LAIR-1                                                             
  ---------------- -------------------- ---------------- ----------- --------- ----------- ----------- ----------- -------
  HCC tissues        15 (12.1)            54 (43.5)      55 (44.4)   \<0.001   61 (49.2)   49 (39.5)   14 (11.3)   0.026
  Normal tissues   113 (91.1)           11 (8.9)         0 (0.0)               63 (50.8)   56 (45.2)     5 (4.0)   

LAIR-1, leukocyte-associated immunoglobulin-like receptor-1.

###### 

Correlation between human cervical cancer clinicopathological features with LAIR-1 expression in subcellular localization.

                                   Cytoplasmic LAIR-1   Nuclear LAIR-1                                                                 
  -------------------------------- -------------------- ---------------- ------------ --------- ------------ ------------ ------------ ---------
  Age                                                                                 0.756                                            0.780
    ≤45                              9 (12.9)           32 (45.7)        29 (41.4)              33 (47.1)    28 (40.0)      9 (12.9)   
    \>45                             6 (11.1)           22 (40.7)        26 (48.1)              28 (51.9)    21 (38.9)      5 (9.3)    
  Tumor size, cm                                                                      0.751                                            0.047
    ≤4                             12 (13.5)            38 (42.7)        39 (43.8)              38 (42.7)    41 (46.1)    10 (11.2)    
    \>4                              3 (8.6)            16 (45.7)        16 (45.7)              23 (65.7)      8 (22.9)   4 (11.4)     
  Pathological stage                                                                  0.390                                            0.014
    G1                               0 (0.0)              3 (42.9)         4 (57.1)             1 (14.3)       3 (42.9)   3 (42.9)     
    G2                               9 (9.4)            43 (44.8)        44 (45.8)              45 (46.9)    43 (44.8)      8 (8.3)    
    G3                               4 (23.5)             7 (41.2)         6 (35.3)             11 (64.7)      3 (17.6)     3 (17.6)   
  Number of positive lymph nodes                                                      \<0.001                                          0.492
    0                                9 (10.7)           37 (44.0)        38 (45.2)              45 (53.6)    32 (38.1)      7 (8.3)    
    ≤3                               0 (0.0)              7 (36.8)       12 (63.2)                9 (47.4)     7 (36.8)     3 (15.8)   
    \>3                              5 (41.7)             3 (25.0)         4 (33.3)               5 (41.7)     4 (33.3)     3 (25.0)   
  T classification                                                                    0.090                                            \<0.001
    T1                             12 (15.0)            37 (46.3)        31 (38.8)              39 (48.8)    37 (46.3)      4 (5.0)    
    T2                               3 (8.8)            14 (41.2)        17 (50.0)              21 (61.8)    9 (26.5)       4 (11.8)   
    T3                               0 (0.0)            0 (0.0)          5 (100.0)              0 (0.0)      2 (40.0)       3 (60.0)   
  N classification                                                                    0.746                                            0.251
    N0                               9 (10.8)           37 (44.6)        37 (44.6)              45 (54.2)    32 (38.6)      6 (7.2)    
    N1                               6 (15.8)           16 (42.1)        16 (42.1)              16 (42.1)    16 (42.1)      6 (15.8)   
  Clinical stage                                                                      0.914                                            0.027
    1                                6 (12.8)           22 (46.8)        19 (40.4)              24 (51.1)    22 (46.8)      1 (2.1)    
    2                                3 (9.7)            13 (41.9)        15 (48.4)              20 (64.5)      8 (25.8)     3 (9.7)    
    3                              6 (14.6)             16 (39.0)        19 (46.3)              16 (39.0)    17 (41.5)      8 (19.5)   

LAIR-1, leukocyte-associated immunoglobulin-like receptor-1; -, immunoreactive score (IRS) 0; +, IRS 1--4; ++, IRS 6--12.
